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Photochemistry: Past and Preserr.

F. B. Wampler

University of California, Los Alamos National Laboratory
P. 0. Box 1663, Los Alamos, Hew Mexico, 67545

Abstract

Photochemistry haa been influenced greatly by the application of lasers as excitation
sources . Comparisons are made below to illustrate this impact and to show how lasers have
revolutionized this research field.

Advantages of high intensity excitation sources

Prior to the utilization of ultraviolet-visible liners in photochemistry the popul~tlon
of exc>ted electronic states, the workhorses in ultraviolet-visible photochemistry, was
achieved by various typee of lamp sources. The intensity afforded by most conventional lamp
sources is quite low and restricts the type of electronic transitions that can be studied.
Vigh-powered ultraviolet-visible lasers have permitted the phctochemist to study
electronically-excited states resulting via optically-forbidden transitions.

Emission studies are one of the most useful research techniques available to the photo-
chemist. These types o: studies permit the photochemist tu elucidate the important dynamics
and spectroscopy of his research, Fluorescence, the radiative transition between states ..f
:he same multiplicity, has been studied for decades, The conventional spectrofluorlmeter
depended upon a lamp to serve as the excitation source.

Phosphorescence, the radiative transition between states of hnlike multlpllclties, ha6
alno been studied for decades. However, phosphorescence violates spin salectlon rules, and
consequently the emitting state, prior to lsser ●xcitation sourcem, had to be populated vla
an indirect route, For example, if the ground electronic rotate were ● minglet, then the
opt]cal excltat.ion route would be limited to ●cceasxng darectly one of the
electronically-excited singlet states. From thlm otate nonrsdiat~ve procesmes must occur to
a triplet level (ox some other nonsinglet level), After tkis indirect method of trlpiet
population the excited triplet can radiate to the ground singlet ●nd produce phosphores-
cence

LaBOrE have afforded the photochemist ●everal major ●dvantages in performing en,isclon
st”d~e~, Short-pulsed ln~ers have made time-resolved studies, in either fluorescence or
phoaphorescenc!e studies, simple to undertske. Previously, typical high-powered flashlampn
h%d pulme durations of microcecnndn. Todey’s typical laser,
ha8 a pllsewldth of a few narsumeconds,

u~ed for time-resolved stud~es,
●nd in ●ome Cumes can extend to the plconecond

regime It 19 prmsible to excite forbidden trann~tiorss directly In order to mtudy phos-
phorescence, Figure 1 depicts a phosphorescence ●xcit~tlon spectrum for the
so2(~Bl)- SO1(X ‘Al) system. i Thim could not have been obtained prior to the development
of lasers,

State-to-state chemistry

State-to-state chem~atry was not faas?ble bafore the util~z ,.lcrlo! lacers It wae
possible, of courme, to uoe ● nsrrow linewidth lamp to populate some ■peclot In well-defined
quantum states. H.9wavnr, the restrictions on availabla candidafwn wwr- snormoun due to th~
llmlted cho~co of excitation wavelengths. With very narrow bandwidth tunable dye Jn~er~,
state-to-ntate chemimtry is now ●ccomplished routinely.

Let us now conslsler meveral examplas of state-to-stete chemictry. S<)t 1- a well-rt.ud]ed
molecule which hao dafled ● propek understanding of ltn spectroscopy and dynamics for a loflu
time One of the recent controversies irlvolvod ●n inter retatjon of the nonlinear Stein-

i’Volmer plots that were obtained ●t high prammurcs fo2 SO1( 81) - SO, (X lA, ) phosphos’emcence,
One of the issuen that hsd to be considered ‘{as whether or not part of the difficulty ●I’o@e
because the ctudiec had inxtlally populatad the singlet manifoldm with subsequent population
of the triplet state, L3irsct state-to-state ●xcitatlon of the SO1(SBt 0,0,0) l@v~l h@lP@[!
:::::f{ this issue ●nd ●how.d that the problem wam confined to depopulation of the “~,

Statp-tp-state ch~m~etry c.n ev.1) be peifoz-med on reactive intgrmediatea, Po: ●xample,
many rad~cale have been produced ~atily in stata-melactiv@ quantum levelc. HUCh wolk haR
been do~}~ on the HS radical.’
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F.inetlc ctudies with lasers

The field of reaction kinetics studied vla photochemlcal tec:hnl~les hab been ch~r,ged
drastically by modern laser teclrnology Absolute rete confitafits for radical-molecule and
radical-rad]cal reactions were prevlouely dlfflcult or lmpoafiible to measure because of the
difficulty in meaRurlng concentrations of radicals.

CH1 + CH3 radical corrblnatlon has been ntudlad ●xten~i<ely over the years. The rate
constant for the reaction has been determined by several lnvesl.lgators. A recent study
,utlllzed a diode laser a.bsorptlon technique at 60B cm-] to monltcr the CH3 radical cor,cen-
tratlons that were produced by the KrF laBer photolysis of CH31.4 The6e la6er6 perm]tted
the >nvestlgators to obtain a value for the recotilnatlon rate con6tant Uf (4.7 f L.4)

~ 10-1] cm3 molecuie-15-]

Reactions of CC1, Cclz , and CCIF radicals h~ve been st~dle~ utlllzlng laser-lnrluced
fluorescence (LIF) to monitor radical concentratlon6 produced by eYclmer laser phocolysls of
the appropriate precurfiors. k These Btudles would have been lmpok.lble to perform prior to
the development of the appropriate exclmer and dye lasers. Figure 2 displays the disappear-
ante of CC1 radlcalfi, monlt~red vla LIF, In the presence of varying pressures of oxygen,

Multlple-pboLon photochemistry

The high lntensltles afforded by lasers has opened up one entirely ‘ew research area:
multlple-photon ~hotochemlstry. The high intensltlcs produced by powerful COI ~nfrared
lasers has made lt pofifilble to photodlu60clate molecules from their grour,d elcctron~c state
vla absorption of aufflclent quanta of ~~lbratlor,al energy. The literature t,afibeen inun-
dated ulth stud.~es of this nature since SF8 was flrut dls60clated.6,7 Infrared multl.clc-
photon dlsfioclatlon of molecules has become commonly accepted as a tool for the photochemlfit
to generate free rad]cals,

Ultraviolet multlple-photon photochemistry has dlao come Into prominence. TWO of the
earner papers in this field involved the ●xclmer laner phctolyois of CF2Br2. t’o Mtiny
lnterestlnq res!ultB were obtained from thene 5tud~es. Perhape the moot slgnlflcant result
Is that the CF2 (X IA,) radicals Inltlally formed in the KrF laser phctolyfi~s have a resO-
nant tranuitlon with the laser, CF2 (LB] , 060 - X ‘Al , 000), prr,duclng an ●normous population
of the ‘Rl ctate. This rea~lts In a very large LIF ~lgnal for the CF2 rad]c?l.

Multlpl?-uhoton photochemistry can Involve mlmultannoumly lr and uv photons. A recent
Btudy Involved the ArF laser photolyuls of highly vlbratior,al’,y excited SFG molecules. ‘(’ In
chls study SF6 molaculeu were produced in highly vibratlonally axclced states by first
lrradlatll,g them w]th a pulmed C@j lamer, Submequantly all ArF lamer (193 run) photodl6-
coclated theme vlbrationally exc]ted SF6 muleculen. ;l]e ref,ulta indicated that the excited
SF(, molecule6 had very different upectral fedtureB than their thermal coun”erpalts

Isotope separat]oll

lEotope eephratlan vla photoctlemlcal techn~quern was demonntrat,ed prior to tht appllcatlcn
of laaerfi to th~6 research area,] ) ,12 However, the rentr,ctlond unlng renonance lamps are

overwhelming due to available candldatew to match remcnancc llne~ with an app]-oprlate
lsotoplc oh~ft. With tunable la-era, thlo ld not ● conl,trolnt Lamer ]aotope mepalatlon
(LIS) hab been performed uslnq ]nfrared, ultraviolet, nnC’ infrared pluB Ultravlolct laflelfi,
Toddy the lltexature abounds w~tl] example~ of LIS uucce~s.!s
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